I. INTRODUCTION
Let q = p m , where p be a prime and m be a positive integer. Let F q be a finite field with q elements. Let Tr Kloosterman sums are related to the construction of some Dillon type bent functions.
Let n = 2m. When p = 2, Leander [9] proved that monomial function Tr n 1 (ax t(q−1) )(a ∈ F * p n , gcd(t, q + 1) = 1) is bent if and only if K q (a q+1 ) = 0, i.e., a q+1 is the zero point of Kloosterman sum K q . Helleseth and Kholosha [6] generalized Leader's results for p > 2 and found that the Kloosterman sum K q (α) does not take the value zero for p > 3. Kononen et al. [8] proved this fact. When p = 2, 3, there exist many zero points of Kloosterman sums. And Moisio [11] proved that any zero point of Kloosterman sums does not belong to a proper subfield of F q .
When p ≥ 3, binomial function Tr n 1 (ax t(q−1) ) + bx p n −1 2 (a ∈ F * p n ) is studied by Jia et al. [7] and Zheng et al. [15] , where b ∈ F p , gcd(t, q + 1) = 1. And it is bent if and only if K q (a) = 1 − 2 ζ b +ζ −b . Hence, for determining such bent functions, it is important to study the value 1 − 2 ζ b +ζ −b of Kloosterman sums. Kononen [11] presented a solution for b = 0. Divisibility results for Kloosterman sums are vital and have many applications. On divisibility results of Kloosterman sums, many work can be found in [1] , [3] , [4] , [5] , [10] . Moloney [12] analyzed divisibility results for K q (a) by p-adic methods. This paper will study the special value 1 − The rest of the paper is organized as follows. Section 2 introduces some background knowledge. Section 3 presents our main results on special values of Kloosterman sums. Section 4 gives some results on bent functions for application. In Section 5, we make a conclusion.
II. PRELIMINARIES

A. Local fields and Gauss sums
Throughout this paper, let q = p m , where p is a prime and m is a positive integer. Let F q be a finite field with q elements. Let F * q be the multiplicative group of F q . For any a ∈ F q , the trace function from F q to F p is defined by Tr
Let Q p be the finite field composed of all the p-adic numbers and Z p be its integer ring. Let ζ = e 2 √ −1π p be a primitive p-th root of unity. Let ξ be a prmitive (q − 1)−th root of unity. Then there exists the field extension tower Further, Q p (ζ) is a totally ramified extension of degree p − 1 over Q p , and Q p (ζ, ξ) is a unramified extension of degree m over Q p (ζ). Take a prime element π in Q p (ζ) and Q p (ζ, ξ) such that
Let F * q be the group of multiplicative character of F q . Obviously, ω(·) is a generator of F * q . More results on local fields can be found in [13] . Let 
The following Stickelberger's theorem is helpful for the divisibility results of Gauss sums. And this theorem is a direct consequence of the Gross-Koblitz formula [2] .
Theorem 2.1:
where
B. Kloosterman sums
Definition Let a ∈ F q . The Kloosterman sum of a is
Since
and Theorem 2.1, Moloney [12] studied the divisibility results of K q (a). In particular, Moloney considered the case for p = 2, 3 and computed coefficients a 0 , a 1 , · · · , a 7 of the π-adic expansion of K q (a) for p ≥ 7.
C. Binomial regular bent functions
The Walsh transform of a p-ary function f (x) :
If n = 2m, Jia et al. [7] considered the binomial p-ary function of the form
and obtained the following theorem. [15] improved results in [7] and gave the following results. Theorem 2.3: Let n = 2m, q = p m , gcd(t, p m + 1) = 1, a ∈ F q 2 , and b ∈ F p . Then f a,b,t is regular bent if and only if
Theorem 2.2:
A. The π-adic expansion of Kloosterman sums
this result can be obviously obtained.
Result (1) and Result (2), this result can be obviously obtained. (4) From Result (1), this result can be obviously obtained.
Result (2), Result (4), and Result (5), this result can be obviously obtained.
Result (3), and Result (6), this result can be obviously obtained.
The following proposition is a generalization of results in Chapter 5.3 in [12] of Moloney. Proposition 3.2: Let p be a prime greater than 11, m ≥ 1, and a ∈ F * (2) From Result (1), we have
From p ≥ 11 and (2), we have
From Theorem 2.1, we have
From Result (4), (5), (6), (7) 
Note that a 8 ∈ Z p , hence
(3) Note that σ −1 is a Galois automorphism of Q p (ζ) satisfying σ −1 (ζ) = ζ −1 . The action on Teichmüller elements in Q p by σ −1 is ordinary. For any positive integer k, we have
Since π p−1 = −p, (σ −1 (π)) p−1 = −p and σ −1 (π) = w p−1 π, where w p−1 is a (p − 1)-th root of unity in Q p . Note that
Further,
From the action on (4) by σ −1 ,
Hence, w p−1 = −1 and σ −1 (π) = −π. From (3),
Hence, a 1 = a 3 = · · · = · · · = a 2k+1 = 0. From the random choice of k, Result (3) holds. 
The proof is similar.
From the above discussion, we have σ −1 (ζ) ≡ 1 − π mod π. Actually, we have the following general result.
Lemma 3.3: Let i be a nonzero integer satisfying
where a i ∈ Q p (ζ, ξ) and a
where ω(·) is the Teichmüller character. In particular, σ i (α) ≡ a 0 + a 1 iπ mod π 2 . Proof: Note that σ i acts ordinary on unramified extension Q p (ξ). If a q = a, σ i (a) = a.
From the definition of π, σ i (π) = wπ, where w is some (p − 1)-th root of unity. From w ≡ i mod π, w = ω(i), σ i (π) = ω(i)π. Then we have
Hence, this lemma holds.
B. The π-adic expansion of elements in
Proposition 3.4: Let p be a prime greater than 11 and ζ be a p-th root of unity satisfying
Proof
. From direct computation, we have
Accordingly, s 3 , · · · , s 8 can be computed. Then we have
where Corollary 3.5: Let p be a prime greater than 11, and ζ be a primitive p-th root of unity. Then 
Note that Hence, the proposition holds.
C. Special values of Kloosterman sums
Remark From the above proposition, to consider the value 1 − . That explains the experiment result in [7] that N i are equal. 
